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5EXECUTIVE SUMMARYIn August of 2014, the Champaign Urbana Pubic Health District (CUPHD) in partnership with other local community organizations conducted the Champaign County Community Health Plan known as the IPLAN 2014.1 The IPLAN identified obesity as one of the leading four priority health concerns. Others included access to health care, accidents, and violence.  In order to better understand obesity dynamics in this community, the Champaign Urbana Public Health District (CUPHD) partnered with the Department of Urban and Regional Planning at the University of the Illinois at Urbana-Champaign to conduct a study that focuses on the effects of socioeconomic and built-environment factors on overweight and obesity prevalence in Champaign County. The purpose of the study is to understand which geographical regions and populations in Champaign County have the greatest need for obesity mitigation measures. This will facilitate future planning and implementation of obesity prevention and control measures and evidence-based intervention strategies appropriate and relevant to Champaign County. A number of existing data sources such as the Champaign Urbana Public Health District’s Heath Database, the United States Census Bureau, the 2014 Champaign County Community Health Survey, and others were used. The results of the community survey of the IPLAN and CUPHD’s health database were used to produce  qualitative and quantitative health data analysis that was used to identify and understand markers of health inequalities that have contributed to overweight and obesity prevalence in Champaign County.  
KEY FINDINGS INCLUDE: 
• Even though the overweight and obesity prevalence in Champaign County is currently lower than the state and national averages, there has been a marked increase in its prevalence since 2000 suggesting that efforts need to be made to curtail this increase otherwise these numbers could easily translate into increased overweight/obesity prevalence.
• Qualitative Data Analysis of the Champaign Urbana Public Health District’s “Community Health Survey” suggests that obesity is a priority health concern for Champaign County residents of all races and gender. There is need to not only mitigate obesity but also to devise strategies and methods which are better suited to individual geographical areas in Champaign County with increased overweight/obesity prevalence. 
• Quantitative Data Analysis of Champaign Urbana Public Health District’s (CUPHD) Health Data suggests that more than half (52.97%) of their clients are either overweight or obese and this rate is higher for adults (20 and above) than children and teens (2-19.9 years of age). Also, female CUPHD clients have higher BMI’s than their male counterparts. Additionally, more than half of CUPHD’s White clients (54.47%) and Black/African American clients(55.10%) are either overweight or obese. 
1     (The Illinois Project for Local Assessment of Needs (IPLAN) is a Community Health Assessment and  
       Planning Process that is conducted every five years by local health jursidictions in Illinois)
6EXECUTIVE SUMMARY (continued)
• Approximately 88% of the total 5,358 obese and overweight CUPHD clients are located in zip codes 61801, 61802, 61820, 61821, 61822 and 61866 which represent urbanized areas in Champaign County and correspond to the cities of Urbana, Champaign and Rantoul. Geocoding addresses of the overweight and obese CUPHD clients indicates that Census Tracts 2, 7, 9.01, 12.01 and 110 in predominantly African American neighborhoods to the North of City of Champaign have the highest prevalence of overweight and obesity.
Socioeconomic status and overweight and obesity prevalance
• Four of the five identified Census Tracts (2, 7, 9.01, and 12.01) show a higher concentration of the African American population suggesting that the African American population within these tracts may be at a greater risk of developing obesity related health complications. 
• The gap between income and overweight/obesity prevalence for the identified Census Tracts is shrinking, suggesting that both low- as well as high-income households are becoming overweight and obese, thereby reducing obesity inequality with respect to income. 
• In this case, overweight and obesity are impacted by both low- as well as high-education groups, suggesting that educational attainment is not associated with overweight and obesity prevalence within these Tracts.
• The high unemployment rate within the identified Census Tracts suggests an association between unemployment and obesity prevalence. 
• Champaign County Census Tracts 2, 7, 9.01, 12.01 and 110, where there is high overweight and obesity prevalence, also have poverty rates greater than the national average, thereby reinforcing the fact that there is noticeable correlation between increased overweight and obesity prevalence and poverty status with these Tracts.
• There is no distinct correlation between the Supplemental Nutrition and Assistance Program (SNAP) recipiency and overweight and obesity prevalence in these Census Tracts.
built-environment factors and overweight and obesity prevalance 
• For this study, there is no definite pattern of spatial distribution of population density within the 
identified Census Tracts, indicating that population density is not a good marker of increased overweight/obesity prevalence for these Tracts. 
• Land-use mix index, for the identified Census Tracts, masks important qualitative differences with respect to walkability within each land-use category.  Hence, it is not an optimum variable in establishing the relationship between the built-environment and increased prevalence of overweight and obesity.
7• The Census Tracts display a diversified mix of housing units, suggesting that, for this study,  there isn’t substantial correlation between residential mix and overweight/ obesity prevalence.
• None of the Census Tracts have optimal street connectivity (link-node ratio score of 1.4 for walkability), and this could be associated with high overweight/ obesity prevalence within these tracts.
• The selected Census Tracts are all well-connected by the transit system which could be a  contributing factor in alleviating overweight and obesity prevalence, in the absence of which obesity rates could have been worse.
• 80.5% of the total “overweight and obese” CUPHD clients within the identified Census Tracts have good accessibility to parks. However, disparities in park distribution might affect the ability of these populations to use the facilities and limit their opportunity to meet daily recommended levels of physical activity, thereby exacerbating overweight/ obesity.
• The paucity of infrastructure amenities such as bike paths, trails, and sidewalks within the 
identified Census Tracts could be responsible for a more auto-oriented, hence sedentary life-style, further worsening overweight/obesity prevalence in these areas. 
• 74.4% of the total “overweight and obese” CUPHD clients within the identified Census Tracts have moderate to no accessibility to grocery stores suggesting that limited or poor accessibility can be responsible for discouraging individuals to walk or engage in physical activity, thereby worsening overweight/ obesity.
• The identified Census Tracts show a crime occurrence rate of 34.86% suggesting that unsafe neighborhood conditions could be a factor in high overweight/ obesity prevalence. 
EXECUTIVE SUMMARY (continued)
8Obesity is a national epidemic, causing higher medical costs and a lower quality of life.9 It is a 
common manifestation of energy imbalance, which is classically defined as the balance between energy consumed by food and drink, and energy expended through metabolism and physical activity.10 For adults, overweight and obesity ranges are determined by using weight and height to calculate a number called the "body mass index" (BMI). BMI is used because, for most people, it correlates with their amount of body fat.
•	 An adult who has a BMI between 25 and 29.9 is considered overweight.
•	 An adult who has a BMI of 30 or higher is considered obese.11
OBESITY : A GROWING CONCERN
Champaign County, Illinois, is located in the heart of East Central Illinois. Champaign County is the 10th largest County in the State of Illinois.2 According to the 2013 American Community Survey (ACS), its current populaton is 204,897, which represents a 1.9% increase from 2010.3 The largest urban areas in the County are the City of Champaign (81,925), the City of Urbana (41,520), and the Village of Rantoul (12,958).4 The Champaign County population is 74.4% White, 12.0% Black/African American, 9.4% Asian, and 5.6% Hispanic.5 In 2013, 22.3% of Champaign County residents lived below the poverty level.6 The 2013 County Health Rankings -a program that provides information on the overall health of a community- ranked Champaign County at # 23 based on its health outcomes (ranking representative of the health of a community).7 Furthermore, according to data derived from the Behavioral Risk Factor Surveillance System (BRFSS), the overweight and obesity rates in Champaign 
County have shown a significant increase. In 2010, the adult overweight prevalence in Champaign County increased by 0.9% from 2004 while the obesity prevalence increased by 4.60%,8 suggesting that efforts need to be made to control and mitigate this increase through local health improvement initiatives and programs focused on healthy living. 
INTRODUCTION
2                (Champaign County, Illinois Local Government Information Center - 2006)3,4,5,6     (American Community Survey, ACS 2009-2013 Housing and Demographic Estimates, DP05)7                (2013 Illinois Data, Illinois Rankings Data, County Health Rankings and Roadmaps )8                (SMART: BRFSS City and County Data, Prevalence and Trends Data, 
           Overweight and Obesity (BMI) - 2004 &  2010)9         (Adult Obesity, 2010, Centers for Disease Control and Prevention Vitalsigns)10        (Akil, Luma, & Ahmad, May 25, 2011)11             (Defining Overweight and Obesity, 2012,  Centers for Disease Control and Prevention)
Source: Thinkprogress.org
9ADULT OBESITY FACTS. WHY BE CONCERNED?
•	 More than one-third of U.S. adults (34.9%) were obese in 2011-2012. 12
•	 Obesity-related conditions include heart disease, stroke, type 2 diabetes and certain types of cancer - some of the leading causes of preventable death.13
•	 The estimated annual medical costs of obesity in the U.S. was $147 billion in 2008 U.S. dollars; the medical costs for people who are obese were $1,429 higher than those of normal weight.14
•	 In 2013, no State had obesity prevalence less than 20% - which is the national goal.15
•	 For the same year, the prevalence of obesity in Illinois was 29.4%.16 
•	 According to information derived from County Health Rankings,  obesity prevalence for Champaign County was 27.0% in 2013.17 
These facts suggest, that obesity is common, serious and costly.
12                 (Ogden C. L, Carroll M. D, Kit B. K, Flegal K. M, 2013)13,14,          (Adult Obesity Facts, 2014, Overweight and Obesity. Centers for Disease Control and Prevention)15           (Obesity Prevalence Maps, 2014, Overweight and Obesity, Centers for Disease Control and Prevention)16           (Illinois Overweight and Obesity (BMI) Prevalence and Trends Data, 2013)17           (2013 Illinois Data, Illinois Rankings Data, County Health Rankings and Roadmaps )
Prevalence of Self-Reported Obesity Among U.S. Adults by State and Territory, BRFSS, 2013
Source: Behavorial Risk Factor Surveillance Systems, CDC
10
18             (Built-environments-which are the totality of places, built or designed by humans, and include 
            buildings, grounds around buildings, layout of communities, transportation infrastructure, 
            and parks and trails, play an important role in affecting obesity, Sallis JF, Floyd MF, Rodríguez DA, 
            Saelens BE, 2012)19              (Factors Contributing to Overweight and Obesity, 2010, Food Research and Action Center )20        (Houle B, 2013)21        (Overweight and Obesity, 2010, Food Research and Action Center)
NATIONAL, STATE AND LOCAL TRENDS FOR ADULT OVERWEIGHT & OBESITY 
PREVALENCE
Table 1: Adult overweight prevalence for the U.S., Illinois and Champaign County
Geography
Overweight (BMI 25.0 - 29.9)
2004 2010United States 36.90% 36.20%Illinois 36.50% 34.50%Champaign County, Illinois 30.90% 31.80%*
Source: CDC, Diabetes Interactive  Atlas, County Data Indicators and Behavioral Risk Factor Surveillance 
System, (BRFSS), SMART: BRFSS City and County Data, Prevalence and Trends Data, Overweight and Obesity 
(BMI) - 2004 &  2010, *  indicates overweight data for Champaign County from Round 5,  2012 IBRFS
CONDITIONS FOR INCREASING OBESITYWeight gain occurs when people eat too much food and get too little physical activity. The current high rates of obesity prevalence for children and adults in the U.S. are primarily a result of genetics, individual behaviors and built-environment factors18 that lead to excess caloric intake and inadequate amounts of physical activity.19 Socioeconomic factors also create conditions which lead to rise in obesity. Race, income, education, poverty, unemployment, and other socioeconomic factors cause disparities in obesity between socioeconomic groups that worsen health and shorten longevity for those who are most disadvantaged.20 Hence it becomes vital to identify and understand these markers of health 
inequalities  that have resulted in increased overweight and obesity rates in Champaign County.
Obesity in the U.S. is widespread and continues to be a leading public health problem.21 Nationally, obesity prevalence has increased from 2004 to 2010 from 23.20% to 27.60% (Figure 2). In line with this pattern, obesity prevalence in Illinois and Champaign County has increased as well. According to data derived from the 2013 Behavioral Risk factor Surveillance System (BRFSS), Illinois now has the 25th highest adult obesity rate in the nation. Its adult obesity rate is up from 23.0% in 2004 to 28.7% in 2010 (Table 2, Figure 2) which is slightly higher than the national trend. In Champaign County, obesity has increased from 22.80% to 27.40%, which is at par with the national trend but lower than the state average.  Of the 102 counties in Illinois, Champaign County ranks at #14 for its lower obesity prevalence and is therefore better placed than other counties in Illinois (Figure 3). However, from 2004 to 2010, it has  experienced a rise in the adult overweight population (Table 1, Figure 1), unlike national and state overweight trends which have shown a visible decline. In light of these facts, changes are needed 
to curtail the overweight and obesity increase in Champaign County otherwise, these numbers 
could easily translate into increased obesity rates. 
11
NATIONAL, STATE AND LOCAL TRENDS FOR ADULT OVERWEIGHT & OBESITY 
PREVALENCE (continued)
Figure 2: Adult obesity prevalence for U.S., Illinois and Champaign County for 2004 and 2010             
Source: CDC, Diabetes Interactive  Atlas, County Data Indicators and Behavioral Risk Factor Surveillance System 
(BRFSS), SMART: BRFSS City and County Data, Prevalence and Trends Data, 
Overweight and Obesity (BMI) - 2004 &  2010
Table 2: Adult obesity prevalence for the U.S., Illinois and Champaign County
Geography
Obese (BMI 30.0 and higher)
2004 2010United States 23.20% 27.60%Illinois 23.00% 28.70%Champaign County, Illinois 22.80% 27.40%
Source: CDC, Diabetes Interactive  Atlas, County Data Indicators and Behavioral Risk Factor Surveillance 
System (BRFSS), SMART: BRFSS City and County Data, Prevalence and Trends Data, Overweight and Obesity 
(BMI) - 2004 &  2010. 
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Figure 1: Adult overweight prevalence for U.S., Illinois and Champaign County for 2004 and 2010 
Source: CDC, Diabetes Interactive  Atlas, County Data Indicators and Behavioral Risk Factor Surveillance System 
(BRFSS), SMART: BRFSS City and County Data, Prevalence and Trends Data, 
Overweight and Obesity (BMI) - 2004 &  2010
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Obesity Prevalence for Adultsby Counties  in Illinois
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Out of the 102 counties in Illinois, Champaign County ranks #14 for its low                 obesity prevalence                                             (27.4% in 2010). 
Figure 3: Adult obesity prevalence for Counties in Illinois-2010
DuPage County, IL (ranked #1) has the least obesity prevalence at 24.80%.
Grundy County, IL (ranked #102) has the highest obesity prevalence at 34.20%.
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HEALTH DATA ANALYSIS
PROCURING HEALTH DATAFor this study, acquiring health data was challenging. Unlike widely used centralized data portals such as the Census, the American Fact Finder and others that provide disaggregate information on an array of topics, health data was not easily available and accessible. Existing health data portals such as the Behavioral Risk Factor Surveillance System (BRFSS)22 and the Illinois Behavioral Risk Factor Surveillance System (IBRFSS)23 provide low-resolution and aggregate community-level health data through randomized telephonic surveys. Such information fails to bring to light critical problems and issues pertaining to obesity, such as the affected population sub-groups, obese neighborhoods, etc., thereby making them invisible. Therefore to produce an effective, viable and disaggregate analysis, health data from the Champaign Urbana Public Health District, Illinois, was acquired. The Champaign-Urbana Public Health District (CUPHD) is an independent unit of local government and offers an array of services through its Maternal and Child Health, Dental Health, Environmental Health, Wellness and Health Promotion, Immunization and Infectious Disease Prevention and Management Programs to mostly low income people of all age groups. Annually, the CUPHD sees approximately 40,000 clients from all over Champaign County. Additionally, the BMI information of all clients is electronically entered before rendition of any services, thus making CUPHD’s health database an optimum resource for accessing local health information. CUPHD’s health data base 
is limited to health information of low income clients. Although this may not be a representative 
sampling of the entire community, for this study,  it is assumed that analyzing health data of low 
income individuals is more pressing than middle and high income groups due to their limited 
accessibility to obesity mitigation measures such as access to fresh food stores, recreational 
spaces, better transportation modes, better neighborhood design, etc. 
QUALITATIVE HEATH DATA ANALYSISThe Champaign Urbana Public Health District (CUPHD) in collaboration with over 60 individuals representing more than 30 different agencies from across Champaign County prepared the 2010-2015 Champaign County Community Health Plan. CUPHD utilized Mobilizing for Action through Planning and Partnerships (MAPP)24 to satisfy the requirements of the Illinois Project for Local Assessment of Needs (IPLAN).25 More than 1,000 community residents completed the community health survey. Meetings were held in the form of focus groups with community partners to conduct a local health systems assessment based on essential health services. The results of this community health survey formed the qualitative health analysis component of this study. 
22, 23      (The Behavioral Risk Factor Surveillance System (BRFSS) and the Illinois Behavioral Risk Factor 
           Surveillance System (IBRFSS) is a state-based program that gathers information on risk factors 
           among Illinois adults 18 years of age and older through monthly telephone surveys, 
           idph.state.il.us/brfss/ with assistance from the Centers for Disease Control and Prevention (CDC))24        (Mobilizing for Action through Planning and Partnerships (MAPP) is a community-driven strategic 
           planning process for improving community health. Facilitated by public health leaders, this 
           framework helps communities apply strategic thinking to prioritize public health issues and 
           identify resources to address them)25       (The Illinois Project for Local Assessment of Needs (IPLAN) is a Community Health Assessment and 
          Planning Process that is conducted every five years by local health jursidictions in Illinois)
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Methodology: The 2010 Champaign County Community survey received 1,134 responses, of which 1,017 (90%) were completed. The survey was conducted through www.surveymonkey.com, with approximately 50% of the surveys being collected by hand through patrons of the public health department and county nursing homes. The questions asked were standardized questions obtained 
through the National Association of County and City Health Officials (NACCHO).26 
Results of the 2010 chaMpaign county coMMunity suRvey :
• The Community Health Plan identified the following four priority health issues:
1. Access to Care (Medical, Mental and Dental Health) 
2. Accidents (Automobile, Alcohol, In-home) 
3. Obesity (Nutrition, Diet & Exercise, risk factors and complications) 
4. Violence (Domestic violence, relationship between drug, alcohol abuse and violence
• Obesity was ranked as the top health concern and priority for Champaign County. This was true for community health survey responses as well as responses by community leaders as part of the focus group discussion.
• 88% of respondents ranked Obesity #1 in their survey response to “Priority health issue in Champaign County” 
• Obesity was ranked #1 in survey responses from Whites (57.4%), African-Americans (48.8%), and Hispanics (52.8%) who took the survey. 
• For this survey, both males (50.5%) and females (56.3%) identified obesity in their “Top 3 personal health concerns”. 
conclusion: Obesity is a chronic disease that affects people of all age groups - children, adolescents and adults.  Data analysis of the Community Health Survey suggests that obesity is becoming a priority health concern for Champaign County residents of all races and gender. There is need to not only mitigate obesity but also to devise strategies and methods that are better suited for individual geographic areas in Champaign County with increased overweight and obesity prevalence. 
HEALTH DATA ANALYSIS (continued)
26      (The National Association of County and City Health Officials (NACCHO) is the organization 
         representing the nation’s 2,850 local health departments.  NACCHO promotes national policy to 
         support public health, develops resources and programs to enhance the capacity of local health 
         departments, connects health officials with their colleagues across the country in order to tackle 
         common issues, and promotes health equity)
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HEALTH DATA ANALYSIS (continued) HEALTH DATA ANALYSIS
QUANTITATIVE HEATH DATA ANALYSISThe Champaign Urbana Public Health District’s (CUPHD’s) database consisting of 10,115 unique clients who were provided services in 2014, age 2 and above, was used to analyze overweight and obesity trends in Champaign County. Data Analysis of this health database formed the quantitative health analysis component of this study.
Adults: Overweight and Obesity status for adults 20 and above is based on Body Mass Index (BMI) calculations using height and weight records that were entered at the time of accessing services (Table 3).
Children and teens 2-19.9 years of age:  BMI for this age group is calculated using a child’s height and weight to produce a corresponding “BMI-for-age percentile” which varies with respect to the child’s age and sex.27 For children and teens 2-19.9 years of age, thresholds for overweight and obesity 
are age and gender specific. Specifically, overweight is defined as the BMI between the 85th and 94th 
percentiles, and obesity is defined as at or over the 95th percentiles based on the CDC growth chart (Table 4).28 
Children under 2 years of age:  BMI is not a good indicator of body weight status for children younger than 2 years of age. Hence, BMI numbers for this age group was disregarded. 
Table 3: BMI and Weight Status (Adults-20 +)
BMI Weight StatusBelow 18.5 Underweight18.5 – 24.9 Normal25.0 – 29.9 Overweight30.0 and Above Obese
Source:  Centers for Disease Control and Prevention
Table 4: BMI and Weight Status (2-19.9 Age Group)
BMI Percentile Range Weight Status < 5th percentile Underweight5th percentile to <  85th percentile Healthy weight85th to < 95th percentile Overweight
≥ 95th percentile Obese
Source:  Centers for Disease Control and Prevention
27        (BMI Percentile Calculator for Child and Teen. Healthy Weight - it’s not a diet, it’s a lifestyle! 
           Centers for Disease Control and Prevention)28        (About BMI for Adults (2015). Healthy Weight - it’s not a diet, it’s a lifestyle! 
           Centers for Disease Control and Prevention)
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HEALTH DATA ANALYSIS (continued)
 Overweight and Obesity prevalence by Age
• Overall, 26.89% of CUPHD’s Champaign County clients (adults, teens and children combined) were overweight and 26.08% were obese, suggesting that more than half of their clients (52.97%) are either overweight or obese (Table 5).
• Childhood obesity is of particular concern since overweight children tend to become overweight adults. Among children and teens (2-19.9 years old), the overweight rate was 18.15%, and the obesity rate was 16.26% suggesting that for CUPHD’s 2-19.9 age group, 1 in every 3 child/teen is either overweight or obese (Table 5). 
• Among adults (20 years and above), the overweight rate was 31.63% and obesity rate was 31.40% indicating that approximately 2/3rd of CUPHD’s adult clients are either overweight or obese (Table 5).
• Additionally, the combined overweight and obesity rate for all “Age Groups” is at 52.97%, suggesting that more than half of all CUPHD’s clients are either overweight or obese (Table 5, Figure 4). For this category, the adults (20 and above) have higher overweight and obesity prevalence than the children and teens (2-19.9 years) age cohort (63.02% vs. 34.41%).
Overweight and Obesity prevalence by Gender
• The unadjusted prevalence of overweight (Table 5) was higher in males (29.20% vs. 25.29%), but the obesity rate was higher among females (31.39% vs. 18.44%). In other words, CUPHD’s women clients are more obese than men. However, high overweight prevalence in men suggests that they are at an increased risk of becoming obese in the future. 
• All categories except “Females” show higher rates of overweight than rates of obesity                              (Table 5, Figure 4).
Table 5: Weight Status of Champaign County ‘s CUPHD Clients by Age and Gender
Age Group Total
Weight Status (Percentage)
Normal
%
Overweight
% Obese %
Overweight 
+ Obese % 
(combined)
All 
clients
Total 10,115.00 47.03% 26.89% 26.08% 52.97%
Males 4,144.00 52.36% 29.20% 18.44% 47.64%
Females 5,971.00 43.33% 25.29% 31.39% 56.67%
2-19.9 Age Group 3,554.00 65.59% 18.15% 16.26% 34.41%
20 and  Above 6,561.00 36.98% 31.63% 31.40% 63.02%
Source:  Champaign Urbana Public Health District's Health Database, 2014
Results of cuphd’s health database
17
HEALTH DATA ANALYSIS (continued)
Overweight and Obesity prevalence by Race
• More than half of both CUPHD’s White clients (54.47%) and Black/African American clients (55.10%) are either overweight or obese (Table 6). 
• 1 in 3 of CUPHD’s Asian clients are either overweight or obese (Table 6).
• For “All” CUPHD clients (10,115)- Figure 5Whites have the highest obesity prevalence at 12.83%, followed by Blacks/ African Americans at 11.65%. Approximately 1 in 4 is a White overweight or obese client, and 1 in 5 a Black/African American overweight or obese client andApproximately half of  “All” CUPHD clients are either White or African American obese or 
overweight clients (52.97%). 
HEALTH DATA ANALYSIS (continued)
Table 6: Weight Status of All Champaign County Clients by Race
Race
Weight Status (Percentage)
Total Normal%
Overweight
%
Obese 
%
Overweight 
+ Obese % 
White 4,832.00 45.53% 27.61% 26.86% 54.47%
Black/ African American 4,183.00 44.90% 26.94% 28.16% 55.10%
Asian 630.00 72.38% 20.79% 6.83% 27.62%
Others 470.00 47.45% 27.23% 25.32% 52.55%
Source:  Champaign Urbana Public Health District's Health Database, 2014
0.00%10.00%
20.00%30.00%
40.00%50.00%
60.00%
Normal Overweight Obese Overweightand Obese(combined)
All clientsMalesFemales47.03 % 26.89 % 26.08 % 52.97 %
52.36 %
29.20 %
18.44 %
47.64 %
43.33 % 25.29 % 31.39
 % 56.67 %
Figure 4: Male and Female Weight Status of CUPHD clients
Source: Champaign Urbana Public Health District’s Health Database, 2014
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HEALTH DATA ANALYSIS (continued)
Overweight and Obesity prevalence by Zip Code and Census Tract 
• Of the total 5,358 obese and overweight CUPHD clients residing in Champaign County, a majority of the clients are located in zip codes 61801, 61802, 61820, 61821, 61822 and 61866 which represent urbanized areas in Champaign County and correspond to the cities of Urbana, Champaign and Rantoul (Table 7). The geocoded addresses of the overweight and obese clients allow us to identify tracts within Champaign County with increased prevalence of overweight and obesity. The overweight and obesity concentration for these Census Tracts was calculated by dividing the 
total sum of the overweight and obese individuals (total score) by the corresponding Census Tract 
Area (Table 8). Obesity, which presents even greater health risks than being overweight, is a more serious problem than overweight prevalence. For this reason, the number of obese individuals was multiplied by 1.5 to get an obesity score, which when added to the overweight score would yield the total score. Based on this method, Census Tracts 110, 7, 9.01, 2 and 12.01 in the City of Champaign were found to have the highest prevalence of overweight and obesity in Champaign County. These Census Tracts are further analyzed with respect to socioeconomic and built-environment factors to better understand the markers of health inequalities that could be responsible for the escalated prevalence of overweight and obesity. 
Table 7: Weight Status of CUPHD clients based on Zip Code
Zip Code Area Total Number of obese and overweight clients (combined) % of overweight and obese CUPHD clients (combined)60936 Gibson, IL 10 0.19%60949 Ludlow, IL 17 0.32%60957 Paxton, IL 12 0.22%60960 Rankin, IL 3 0.06%
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Figure 5: Weight Status of “All” CUPHD clients (10,115) by Race
Source: Champaign Urbana Public Health District’s Health Database, 2014
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Table 7: Weight Status of CUPHD clients based on Zip Code
Zip Code Area Total Number of obese and overweight clients (combined) % of overweight and obese CUPHD clients (combined)61801 Urbana, IL 691 12.90%61802 Urbana, IL 719 13.42%61810 Allerton, IL 2 0.04%61815 Bondville, IL 6 0.11%61816 Broadlands, IL 7 0.13%61820 Champaign, IL 1,106 20.64%61821 Champaign, IL 1,166 21.76%61822 Champaign, IL 408 7.61%61824 Champaign, IL 3 0.06%61826 Champaign, IL 2 0.04%61840 Dewey, IL 9 0.17%61843 Fisher IL 19 0.35%61845 Foosland, IL 6 0.11%61847 Gifford, IL 8 0.15%61849 Homer, IL 17 0.32%61851 Ivesdale, IL 4 0.07%61852 Longview 6 0.11%61853 Mahomet, IL 128 2.39%61859 Ogden, IL 11 0.21%61862 Penfield, IL 5 0.09%61863 Pesotum, IL 7 0.13%61864 Philo, IL 12 0.22%61866 Rantoul, IL 641 11.96%61871 Royal, IL 1 0.02%61872 Sadorus, IL 12 0.22%61873 Saint Joseph 67 1.25%61874 Savoy, IL 121 2.26%61875 Seymour, IL 12 0.22%61877 Sidney, IL 12 0.22%61878 Thomasboro, IL 26 0.49%61880 Royal, IL 71 1.33%61884 White Heath, IL 1 0.02%61956 Monticello, IL 10 0.19%
Source:  Champaign Urbana Public Health District’s Health Database, 2014
HEALTH DATA ANALYSIS (continued)
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HEALTH DATA ANALYSIS (continued)
Table 8: Tracts with the highest overweight and obesity  prevalence in Champaign County 
GeographyChampaign County, IL Area (sq. miles)
Overweight clients(overweight score) Obese clients
Obese *1.5(obesity score)
Total score 28 (overweight and obese combined)
Concentration of overweight and obese clients/sq. mile(Total score/Area)Census Tract 110 0.73 145 96 144 289 394.26 Census Tract 7 1.00 143 164 246 389 391.42Census Tract 9.01 1.06 149 168 252 401 378.81Census Tract 2 0.546 55 73 109.5 164.5 301.09 Census Tract 12.01 1.50 102 99 148.5 250.5 167.41Census Tract 54.01 1.84 94 93 139.5 233.5 126.85Census Tract 8 4.70 116 119 178.5 294.5 62.59Census Tract 56 8.06 90 121 181.5 271.5 33.64
Source:  Champaign Urbana Public Health District’s Health Database, 2014,  Census.gov
28       Since obesity is a graver concern than overweight, the number of obese clients is multiplied by 1.5 
          to get an obesity score which is added to the overweight score to get a total score. This total score is 
          then divided by the Area to get the Census Tracts with the highest concentration of overweight and 
          obese clients/ square mile.
Figure 7: Census Tracts with the highest overweight and Obesity prevalence in Champaign County
Source: Champaign Urbana Public Health District’s Health Database, 2014, Census.gov
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SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE IN 
CHAMPAIGN COUNTYSocioeconomic status (SES) can be referred to as “the social standing or class of an individual or group. It is often measured as a combination of education, income and occupation.”30 Studies show an inverse association between body mass index (BMI) and socioeconomic status (SES),31 suggesting that 
a higher BMI corresponds to low SES. For this study, the identified Census Tracts in Champaign County with high overweight and obesity prevalence (Table 7) are analyzed with respect to socioeconomic factors based on income, education, unemployment, poverty and Supplemental Nutrition Assistance Program (SNAP) recipiency. Since race and ethnicity is closely intertwined with SES, this variable is also analyzed as a critical component in impacting overweight and obesity prevalence.
RaceObesity is highly prevalent among the general U.S. population. The CDC suggests that from  2006-2008 African Americans had the highest prevalence of obesity, followed by Hispanics, and then Whites.32 Champaign County is mostly White at 74.0% followed by the African American and Asian population that constitute to 12% and 9.4% of the total population respectively (Figure 8). However for the selected Census tracts 110, 7, 9.01, 2 and 12.01 in Champaign County, Table 9 shows that four of the 
five Census Tracts (7, 9.01, 2 and 12.01) have higher than normal concentration of African American population (greater than the 12% average for Champaign county). The superimposition of race and predominantly high overweight and obese census tracts (Figure 9) suggests that for this study, race can cause obesity related health outcomes and that the African American population within these Census tracts is at a higher risk of developing obesity related complications.
30        (Ethnic and Racial Minorities & Socioeconomic Status, American Psychological Association )31        (McLaren L, 2007)32        (Differences in Prevalence of Obesity Among Black, White, and Hispanic Adults - United States, 
           2006 - 2008, Morbidity and Mortality Weekly Report)
Figure 8: Racial Composition of  
                   Champaign  County
Source:      U.S. Census Bureau, 2013 American 
                    Community Survey, DP05
Table 9: 2013 Racial Composition of Champaign 
                  County Census TractsGeographyChampaign County, IL White Pop. % Black Pop. % OthersPop. %National 74.0% 12.6% 13.4%Illinois 72.5% 14.4% 13.1%Champaign County 74.4% 12.00% 13.6%
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unty 
Census
 Tracts
Census Tract 2 9.80% 85.60% 4.60%Census Tract 7 54.90% 31.20% 13.90%Census Tract 9.01 37.60% 54.10% 8.30%Census Tract 12.01 56.20% 21.30% 22.50%Census Tract 110 82.50% 10.20% 7.30%
Source: ACS 2009-2013 Housing and Demographic Estimates, DP05
White, 74.40%
Black/African American, 12.00%
Asian, 9.40%Others, 4.20%
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CHAMPAIGN COUNTY
SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE 
(continued)
Figure 9: Population Percentage of Blacks in Champaign County and Census Tracts with high                             
                   overweight and obesity prevalence.
Source:       Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                     ACS 2009-2013 Housing and Demographic Estimates, DP05 
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IncomeA report published by the National Center for Health Statistics, “Health, United States 2011,” suggests that people with higher income have lower obesity rates.33 Engagement of low-income individuals in high-risk behaviors, exposure to unhealthy environments and less access to care and services impacts them more than their counterparts with high-income and more education, causing more health complications, greater disease burdens and higher death rates within this population group.34 Income data for Champaign County indicates that 18.5% of the total population has household 
income less than $15,000 (Figure 10). For the identified high overweight and obese Census Tracts (Table 8), it can be seen that Tracts 9.01 and 2 (Figure 11, Table 10) have higher concentration of low-income households (less than $15,000.00 annual income). Additionally, it can also be seen that Tracts 12.01 and 110 (highest overweight and obesity prevalence) have a greater concentration of high-income households (Figure 11, Table 10), suggesting that the gap between income and overweight/obesity prevalence is shrinking. In other words, both low- as well as high-income households are becoming overweight and obese, thereby reducing obesity inequality with respect to income. 
SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE 
(continued)
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46.40% Under $15,000$15,000 - $25,000$25,000 - $35,000$35,000 - $50,000$50,000 and above
Figure 10: Income Trends of  Champaign County
Source:  U.S. Census Bureau, 2013 American Community Survey, DP03
Table 10: 2013 Income Trends of Champaign County Census TractsGeographyChampaign County, IL Under $15,000 $15,000 - $25,000 $25,000 - $35,000 $35,000 - $50,000 $50,000 and aboveNational 12.6% 10.8% 10.3% 13.6% 52.7%Illinois 11.7% 10.2% 9.70% 12.90% 55.5%Champaign County 18.5% 12.6% 9.4% 13.1% 46.4%
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unty 
Census
 Tracts
Census Tract 2 23.4% 3.4% 20.9% 20.3% 40.2%Census Tract 7 12.2% 16.5% 21.9% 26.1% 26.9%Census Tract 9.01 20.7% 20.7% 12.4% 14.5% 34.5%Census Tract 12.01 10.9% 5.9% 9.3% 13.5% 60.8%Census Tract 110 8.8% 5.3% 15.3% 9.5% 61.8%
Source: ACS 2009-2013 Housing and Demographic Estimates, DP03
33        (Health, United States, 2011, National Center for Health Statistics, Page 45)34        (Health, United States, 2011, National Center for Health Statistics, Page 25)
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12.60%
9.40%13.10%
46.40% Under $15,000$15,000 - $25,000$25,000 - $35,000$35,000 - $50,000$50,000 and above
18.50%
46.40% 12.60%
13.10%
25
33        (Health, United States, 2011, National Center for Health Statistics, Page 45)34        (Health, United States, 2011, National Center for Health Statistics, Page 25)
SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE 
(continued)
Figure 11: Champaign County Household Income pattern and Census Tracts with high                                                                       
                      overweight and obesity prevalence.
Source:         Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                      ACS 2009-2013 Selected Economic Characteristics, DP03
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SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE 
(continued)
EducationAccording to a report issued by the National Center for Health Statistics (NCHS), researchers found that lower education levels in a household generally translates into higher obesity rates.35 Compared to 
Champaign County, the identified Census Tracts show higher than average concentration of individuals with lower levels of education (less than a high school diploma - Table 11, Figure 12). Furthermore, four 
of the five tracts have a high percentage of individuals with higher education (high school diploma or an associate’s degree - Table 11, Figure 14) but fewer professional degree holders (Table 11, Figure 13). In this case, overweight and obesity are impacted by both low- as well as high- education groups, suggesting that educational attainment is associated with overweight and obesity prevalence within these Tracts (Figure 14).
Table 11: Educational Attainment within the Census Tracts (population 25 and over)GeographyChampaign County, IL Less than a High School Diploma High School Diploma or Associate’s Degree Professional Degree(Bachelor’s and above)National 13.9% 57.1% 28.8%Illinois 12.7% 55.8% 31.5%Champaign 5.2% 52.7% 42.2%
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Champ
aign Co
unty 
Census
 Tracts
Census Tract 2 10.1% 75.3% 14.5%Census Tract 7 20.3% 64.1% 15.6%Census Tract 9.01 13.7% 68.1% 18.2%Census Tract 12.01 3.5% 65.5% 30.9%Census Tract 110 5.2% 37.4% 57.3%
Source: ACS 2009-2013 Selected Social Characteristics in the United States, DP02
35        (Ogden C, Lamb M, Carroll M, Flegal K (2010), Obesity and Socioeconomic Status in Adults: 
           United States, 2005–2008. )
Figure 12: Population % with less than a High 
School Diploma in the identified Census Tracts
Figure 13: Population % with Professional                      
Degrees in the identified Census Tracts
0 % - 20.00%20.01% - 40.00%40.01% - 60.00%60.00% and above
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(continued)
Figure 14: Population % with a High School Diploma or an Associate’s Degree and Census Tracts                       
                      with high overweight and obesity prevalence.     
Source:          Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                        ACS 2009-2013 Selected Social Characteristics in the United States, DP02
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SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE 
(continued)
UnemploymentStudies suggest that high unemployment rates and high obesity rates are converging.36 According to a 2013 Gallup poll, the longer a person is unemployed, the higher the rates of obesity, heart disease and diabetes.37 Paucity of financial resources can lead to unhealthy food choices by an individual, thereby increasing overweight and obesity prevalence. Compared to Champaign County’s 
unemployment rate of 6.5% in 2013 (ACS 2009-2013, DP03), all identified Census Tracts (2, 7, 9.01 and 12.01), except for tract 110,  have a high unemployment rate (Table 12) which ranges from 9.1% to 15.1%. This suggests that there is association between unemployment and obesity prevalence within these Census Tracts (Figure 15).
36        (Caulderwood K , 2014, New Data Shows How Unemployment Leads To Obesity, 
           International Business Times )37        (Crabtree S, 2014, Obesity Linked to Long-Term Unemployment in U.S)
Table 12: Unemployment rates within Champaign 
County Census Tracts2013 National Unemployment Rate = 8.4% 2013 Illinois Unemployment Rate = 9.5%2013 Champaign County Unemployment Rate = 6.5%Geography Unemployment Rate Census Tract 2 9.1%Census Tract 7 15.1%Census Tract 9.01 11.3%Census Tract 12.01 10.7%Census Tract 110 4.8%
Source: ACS 2009-2013 Selected Economic Characteristics, DP03
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(continued)
Figure 15: Unemployment rates in Champaign County and Census Tracts with high                                                           
          overweight and obesity prevalence.     
Source:         Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                      ACS 2009-2013 Selected Economic Characteristics, DP03
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SOCIOECONOMIC STATUS AND OVERWEIGHT AND OBESITY PREVALENCE 
(continued)
PovertyStudies suggest that people who live in poverty-dense areas are most prone to obesity.38 Poverty-dense areas oftentimes have “food deserts,” which are areas with diminished access to fresh food, and 
hence reflect increased vulnerability to obesity. According to the 2013 American Community Survey (ACS), 15.8% of the total U.S. population had income below the poverty level (Table 13). For the same year, the poverty rate for Champaign County was 22.3% (Table 13). Census Tracts 2, 7, 9.01, 12.01 and 110 in Champaign County with high overweight and obesity prevalence show poverty rates greater than the national average (ranging from 16.4% to 36.9%), thereby reinforcing the fact that there is visible overlap between increased overweight and obesity prevalence and poverty status with these Census Tracts (Figure 16).
Supplemental Nutrition and Assistance Program (SNAP)
In fiscal year 2012, SNAP served nearly 47.5 million people, about one in seven Americans.39 There is distinct co-relation between SNAP recipiency and poverty rates. Poverty-dense regions have high SNAP enrollment (Table 13). However, not all SNAP eligible recipients participate in the program, indicating disinclination of people to participate even when funds are available. According to the 2013 
ACS, 10.2% of all families in Champaign County received SNAP benefits. The identified Census Tracts in 
Champaign County reflect SNAP recipiency higher than the county average (Table 13). However, there is no distinct intersection between SNAP recipiency and overweight and obesity prevalence (Figure17). Tract 110, which has increased prevalence of overweight and obesity, has lower SNAP recipiency compared to Tract 9.01 which has both-high overweight/obesity prevalence and SNAP recipeincy. This suggests that SNAP recipiency is not a good indicator of increased overweight and obesity prevalence.  
Table 13: Poverty Rates and SNAP Recepiency for Champaign County Census Tracts2013 National Poverty Rate = 15.8% 2013 Champaign County Poverty Rate = 22.3% (percentage of people with income below the poverty level)2013 Champaign County SNAP Recepiency = 10.2% 
(percentage of households who receive SNAP benefits)FIPS Code GeographyChampaign County, IL % of people with income below poverty level % of households with SNAP17019000200 Census Tract 2 28.6% 15.8%17019000700 Census Tract 7 25.4% 24.1%17019000901 Census Tract 9.01 36.9% 30.6%17019001201 Census Tract 12.01 16.4% 7.9%17019011000 Census Tract 110 20.8% 10.5%
Source: U.S. Census Bureau, DP03, 2009-2013 ACS 5-Year Estimates
38        (Levine, J , 2011, Poverty and Obesity in the U.S.,  American Diabetes Association)39        (Building a Healthy America: A Profile of the Supplemental Nutrition Assistance Program, 2012)
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Table 13: Poverty Rates and SNAP Recepiency for Champaign County Census Tracts2013 National Poverty Rate = 15.8% 2013 Champaign County Poverty Rate = 22.3% (percentage of people with income below the poverty level)2013 Champaign County SNAP Recepiency = 10.2% 
(percentage of households who receive SNAP benefits)FIPS Code GeographyChampaign County, IL % of people with income below poverty level % of households with SNAP17019000200 Census Tract 2 28.6% 15.8%17019000700 Census Tract 7 25.4% 24.1%17019000901 Census Tract 9.01 36.9% 30.6%17019001201 Census Tract 12.01 16.4% 7.9%17019011000 Census Tract 110 20.8% 10.5%
Source: U.S. Census Bureau, DP03, 2009-2013 ACS 5-Year Estimates
38        (Levine, J , 2011, Poverty and Obesity in the U.S.,  American Diabetes Association)39        (Building a Healthy America: A Profile of the Supplemental Nutrition Assistance Program, 2012)
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Figure 16: Champaign County Poverty Rates and Census Tracts with high                                                                                                                                             
                      overweight and obesity prevalence.
Source:         Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                       ACS 2009-2013 Selected Economic Characteristics, DP03
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Figure 17: Champaign County SNAP Recipiency and Census Tracts with high                                                                       
                      overweight and obesity prevalence.
Source:         Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                       ACS 2009-2013 Selected Economic Characteristics, DP03
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BUILT-ENVIRONMENT FACTORS AND OVERWEIGHT AND OBESITY PREVALENCE 
IN CHAMPAIGN COUNTY
The built-environment plays an important role in influencing obesity by creating a climate that promotes increased energy consumption and a reduction in energy expenditure.40 Research on the impact of the built-environment in creation of an obesogenic environment suggests that merely 
educating people on healthy lifestyles is not sufficient; the built-environment must enable and promote healthy behaviors as well. 41 Within the built-environment framework--population density, land-use mix, residential mix, street connectivity, access to public transportation, access to and availability of parks and recreational areas, presence of bike paths, trails, and sidewalks, grocery store access and crime 
rate-- influence an individual’s opportunities to physical activity, hence impact overweight and obesity. 
The identified Census Tracts within Champaign County with increased prevalence of overweight/obesity (2, 7, 9.01, 12.01 and 110) will be analyzed with respect to these built-environment factors to see if a correlation exists between the two. 
Population DensityUrban sprawl characterized by low-density development patterns has been found to be related to higher rates of obesity. 42, 43 Population density, a proxy for urban sprawl, is calculated for the identified 
Census Tracts to establish its association with obesity (Table 14). The mapped data (Figure 18) reflects that most of these tracts have a population density higher than the average Champaign County density (201.8 persons/square mile, ACS 2009-2013), which is consistent with population density being higher 
in urban than rural areas. Additionally, four of the five Census Tracts have a population density higher than that of the City of Champaign (3,598 persons/square mile-ACS 2009-2013), suggesting that, in this case, there is no definite pattern of spatial distribution of population density within the identified Census Tracts. Hence, population density is not a good marker of increased overweight/obesity prevalence for these Tracts.  
40        (Papas M, Alberg A, Ewing R, Helzlsouer K, Gary T, Klassen A, 2007)41        (Perdue W.C, Stone L.A, Gostin L.O, 2003)42        (Zhao, Zhenxiang, 2007)43        (Reid E, Schmid T, Killingsworth R, Raudenbush A, Zlot S, 2003)
Table 14: Population density for Champaign County Census TractsChampaign County population density = 201.8 persons/square mileCity of Champaign population density =  3,598 persons/ square mileGeography,Census Tracts in Champaign County, IL Tract population Area in square miles Population densityCensus Tract 2 1,500 0.55 2,745.58Census Tract 7 3,610 0.99 3,632.60Census Tract 9.01 4,647 1.06 4,389.97Census Tract 12.01 6,855 1.50 4,581.42Census Tract 110 3,828 0.73 5,222.43
Source: U.S. Census Bureau, DP03, 2009-2013 ACS 5-Year Estimates, Census GIS Tiger files
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BUILT-ENVIRONMENT FACTORS AND OVERWEIGHT AND OBESITY PREVALENCE 
IN CHAMPAIGN COUNTY (continued)
Figure 18: Population Density of Tracts in Champaign County and overweight and obesity prevalence.
Source:           Champaign Urbana Public Health District’s Health Database, 2014,                                                                                                                                            
                         ACS 2009-2013 Selected Economic Characteristics, DP03
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BUILT-ENVIRONMENT FACTORS AND OVERWEIGHT AND OBESITY PREVALENCE 
IN CHAMPAIGN COUNTY (continued)
Land-use mix  Land-use mix  is the degree to which residential, commercial and institutional parcels of land are located close together. Studies suggest that, the greater the level of mixed land-use, the more ‘‘walkable’’ the community is and, thus lower the risk of obesity.44 Land-use mix for the identified Census Tracts is measured using the following land-use Entropy formula45 which reflects the evenness of distribution of several land-use types within the region.Land-use mix entropy index= (-1)* [(b1/a) ln (b1/a)+ (b2/a) ln (b2/a)+ (b31/a) ln (b3/a)]/ln(n)
where:a    = total area of land for all land uses within the census tractb1 = residential and areab2 = commercial land areab3 = industrial land arean   = the sum of the different land uses present.The resulting variable land-use mix entropy index is a number which varies from 0 (homogeneous land use) to 1 (mixed, diverse land-use). Table 15 shows that tracts representing high overweight and obesity prevalence display high land-use mix index and vice versa. This could be attributed to the fact that even though these areas might display a high land-use mix index (Census Tracts 110, 7 and 9.01), they might not be accessible in terms of street connectivity -- walking paths, trails, bicycle lanes etc.-- markers which can motivate individuals to be more physically active and less auto-dependendent, thereby mitigating obesity. Land-use mix index, for these tracts, masks important qualitative differences with respect to walkability within each land-use category.  Hence, it is not an optimum variable in establishing the relationship between the built-environment and increased overweight and obesity.
Table 15: Land-use mix entropy  index for Champaign County Census Tracts 
Geography,Census Tracts in Champaign County, IL Concentration of overweight and obese clients/sq. mile (Derived from Table 8) Land-use mix Entropy indexCensus Tract 110 394.26 0.89Census Tract 7 391.42 0.82Census Tract 9.01 378.81 0.80Census Tract 2 301.09 0.59Census Tract 12.01 167.41 0.52
Source:  Champaign Urbana Public Health District’s Health Database, 2014,  Census.gov, U.S. Census 
Bureau GIS Tiger files, City of Champaign Land Use Map, Champaign
44       (Papas M, Alberg A, Ewing R, Helzlsouer K, Gary T, Klassen A, 2007)45       (Frank L. D, Schmid T. L, Sallis J. F, Chapman J, Saelens B. E, 2005 )
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BUILT-ENVIRONMENT FACTORS AND OVERWEIGHT AND OBESITY PREVALENCE 
IN CHAMPAIGN COUNTY (continued)
Residential mix
Residential Mix is used as a measure to calculate the housing diversity for the identified areas.46 This was achieved by using “Simpson’s Diversity Index,” which characterizes the housing diversity in a 
community/neighborhood/area using the following formula:Simpson’s Diversity Index =1-    (n/N)2where, n  = total number of dwellings in a single category and              N = total number of units in all categoriesSimpson’s Diversity index produces a value between 0 and 1; values around 1 have high diversity and values around 0 have low diversity (Table 16). Based on this index score, points are given (Table 16, 
Table 17) to create a symbolized map of the identified Census Tracts showing housing diversity (Figure 19). A high Simpson Diversity Index indicates interspersion of multifamily units with 
single-family units, thereby creating a diversified mix of housing units. Likewise, a lower diversity index indicates monotony of residential dwelling types. Based on Figure 18, it can be seen that, except for tract 9.01, all other tracts (Tracts 2, 7, 12.01 and 110) display high housing diversity. This suggests that there is no substantial correlation between residential mix and overweight and obesity prevalence within these Census tracts.  
46        (Chris R, Greenway N, Curac M, Bauman A, 2012)
Table 16 : Simpson Diversity Index
Tract 2, Points: 3
Total Units =1,677
Dwelling Type Units/acre Dwelling Units (n)Multifamily Low Density MF1 30 607Multifamily Medium Density MF2 50 524Multifamily High Density / 70 403Single Family SF1 - 66Single Family SF2 8 77Total Dwelling Units (N) 1,677Index 0.71
Tract 7, Points: 2
Total Units=1,100
Dwelling Type Units/acre Dwelling Units (n)Multifamily Low Density MF1 30 371Multifamily Medium Density MF2 50 344Manufactured Housing Park MHP 8 311Single Family SF1 74Total Dwelling Units (N) 1,100Index 0.70
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Table 16 : Simpson Diversity Index
Tract 9.01, Points: 0
Total Units=2,090
Dwelling Type Units/acre Dwelling Units (n)Multifamily Low Density MF1 30 184Multifamily Medium Density MF2 50 116Multifamily High Density / Limited Business MF3 70 1,463Single Family - 74Two Family 8 253Total Dwelling Units (N) 2,090Index 0.48
Tract 12.01, Points: 2
Total Units=2,646
Dwelling Type Units/acre Dwelling Units (n)Multifamily Low Density MF1 30 1,033Multifamily High Density / Limited Business MF3 70 1,224Single Family SF1 80 0Single Family SF2 8 389Total Dwelling Units (N) 2,646Index 0.61
Tract 110, Points: 3
Total Units=3,698
Dwelling Type Units/acre Dwelling Units (n)In town Multifamily ITMF 29 323In town Mixed Use District ITMU 55 1,376In town Neighborhood conservation ITNC 19 699In town Single Family ITSF1 6 350In town Single Family ITSF2 12 168Multifamily Low Density MF1 30 164Multifamily High Density / Limited Business MF3 70 519Single Family SF1 - 18Single Family SF2 8 82Total Dwelling Units (N) 3,698Index 0.79
Source: U.S. Census Bureau GIS Tiger files, City of Champaign Land Use Map, Champaign, IL 
Code of Ordinances ArcGIS
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Table 17: Points for Housing DiversitySimpson Diversity Index Score Points
≥0.5 0
> 0.5 ≤ 0.6 1
> 0.6 ≤ 0.7 2> 0.7 3
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Figure 19: Residential Mix for identified Census Tracts in Champaign County and overweight and 
                      obesity prevalence.
Source:         U.S. Census Bureau GIS Tiger files, City of Champaign Land Use Map, ArcGIS, Champaign, IL Code of 
                       Ordinances, Champaign Urbana Public Health District’s Health Database, 2014                                                                                                                                          
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Table 18: Street Connectivity measures
Measure Definition Calculation CommentsLink-Node Ratio Number of links divided by the number of nodes within a study area Links per unit of area (streets) / Nodes per unit of area A perfect grid has a ratio of 2.5. This measurement does not reflect the length of the link in any way.
Source: Reprinted from “Using GIS to Measure Connectivity: An Exploration of Issues,” M. Tresidder, Dec. 2005            
Street connectivity Compact and connected street networks with fewer lanes on major roads are usually found to be more correlated with reduced rates of obesity.47 For this study, the “Link-Node Ratio” method is used to measure street connectivity (Table 18). 
BUILT-ENVIRONMENT FACTORS AND OVERWEIGHT AND OBESITY PREVALENCE 
IN CHAMPAIGN COUNTY (continued)
47          (Wesley M, Piatkowski D, Garrick N, 2014)48, 49     (Connectivity Index - The Greenfield Tool Box)       
Table 19: Measuring Street Connectivity using Link-Node RatioA Link-to-Node Ratio > 1.40 is indicative of a connected street network 49Geography,Census Tracts in Champaign County, IL Real Nodes Dangle Nodes Total Nodes Number of links Link-Node RatioCensus Tract 110 332 2 334 306 0.92Census Tract 7 301 10 311 308 0.99Census Tract 9.01 253 18 271 254 0.94Census Tract 2 247 14 261 246 0.94Census Tract 12.01 331 19 350 342 0.98
Source: U.S. Census Bureau GIS Street Tiger files       
LINK-NODE RATIOBy this method street connectivity is calculated by dividing the number of links to the number of nodes for a given area. Index values typically fall between 1 and 2, with higher values indicating 
more connectivity. For the identified Census Tracts (Table 19, Figure 20), it can be seen that none of the Census Tracts associated with high overweight and obesity prevalence have the optimum link-node ratios (a score of 1.4 for walkability),48 and this could be attributed to the presence of dead ends within these Census Tracts, along with fewer short links and less intersections resulting in longer travel distances and availability of fewer route options. 
   7 Links/8 Nodes = 0.88           4 Links/4 Nodes = 1.0              12 Links/9 Nodes = 1.33            40 Links/25 Nodes = 1.60
Street Connectivity Sample Calculation Using Link-Node Ratio
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Figure 20: Street Connectivity Index (Link-Node Ratio) for the identified Census Tracts in 
                      Champaign County
Source:          U.S. Census Bureau GIS Tiger files.
Census Tract 110Link-Node Ratio 0.92 Census Tract 7Link-Node Ratio 0.99
Census Tract 9.01Link-Node Ratio 0.94 Census Tract 2Link-Node Ratio 0.94
Census Tract 12.01Link-Node Ratio 0.98
DanglesStreet Links
Nodes
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Figure 20: Street Connectivity Index (Link-Node Ratio) for the identified Census Tracts in 
                      Champaign County
Source:          U.S. Census Bureau GIS Tiger files.
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Access to public transportationWalking to and from public transportation may help sedentary individuals, especially from low-income and minority groups, meet recommended levels of daily physical activity.50 Areas with better transit connectivity are associated with reduced levels of obesity. Champaign Urbana’s Mass Transit 
District’s (CUMTD) bus routes and their corresponding bus stops were mapped for the identified Census Tracts in the City of Champaign to analyze transit connectivity. A buffer of 0.25 miles (400 meters),51 which corresponds to a reasonable distance an individual might be willing to walk to access a transit station stop, was created to show the intersection of overweight and obesity prevalence and transit connectivity. Figure 21 shows that the selected Census Tracts are all well-connected by the transit system. Hence, it can be asserted than an established and well-connected transit system within these Tracts could be a contributing factor in alleviating overweight and obesity prevalence, in the absence of which obesity rates could have been worse.
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Figure 21: Transit connectivity for the identified Census Tracts in Champaign County 
Source:         U.S. Census Bureau GIS Tiger files, CUMTD, CUPHD’s Health Database, 2014                                                                                                                                          
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50        (Environmental Barriers to Activity. Harvard School of Public Health Obesity Prevention Source)51         (Litman, T, 2011)       
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Accessibility and availablity of  parks and recreational areasPlaygrounds and parks are important spaces for children as well as adults to engage in physical activity. Studies suggest a positive association between access to parks and recreational facilities and an individual’s health.52 In order to determine accessibility to parks in Champaign, a buffer of 0.25 miles (walkable distance to a facility),53 was created around existing parks. The geocoded overweight and obese clients from the CUPHD health database were juxtaposed with this buffer to determine the population percentage with accessibility to parks. Table 20 and Figure 22 show that 80.5% of the total overweight/obese individuals within these Census tracts lie within the 0.25 mile buffer zone suggesting “good”accessibility to parks. However, barriers to park usage such as availability of pedestrian/bike infrastructure, access points to the parks, unsafe surroundings etc. could demotivate individuals from using parks. 
Table 20: Accessibility of CUPHD overweight and obese clients to Parks for the 
                   identified Census Tracts
Accessibility Census Tract 2 Census Tract 7 Census Tract 9.01 Census Tract 12.01 Census Tract 110
Obese + Overweight population % with accessibilityGood 77.34% 69.71% 77.61% 77.61% 100.00% 80.50%Poor/Inaccessible 22.66% 30.29% 22.39% 22.39% 0.00% 19.50%
Source:  Champaign Urbana Public Health District’s Health Database, 2014,  United States Census Bureau GIS 
Tiger files, Champaign County GIS Consortium
Table 21: Park Distribution for the identified Census tracts in Champaign CountyGeographyCensus Tracts in Champaign County, IL Total population* Park Area(acres) Provided NRA standards (acres)Required**Census Tract 2 1,500.00 17.70 15.00Census Tract 7 3,610.00 25.23 36.10Census Tract 9.01 4,647.00 9.01 46.47Census Tract 12.01, Illinois 6,855.00 79.93 68.55Census Tract 110 3,828.00 13.50 38.28City of Champaign 81,925.00 611.94 819.25
Source: U.S. Census Bureau GIS Street Tiger files, * ACS 2009-2013 Demographic and Housing Estimates, 
DP05, ** Standards for Outdoor Recreational Areas-National Recreation and Park Association (NRPA)
52        (Blank H, Allen D, Bashir Z, Gordon N, Goodman A, Dee M, Rutt C, 2012)53         (Litman, T, 2011)
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Figure 22: Park accesibility for the identified Census Tracts in Champaign County 
Source:         U.S. Census Bureau GIS Tiger files, CUPHD’s Health Database, 2014 , 
                       Champaign County GIS Consortium,                                                                                                                                        
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Access to and availablity of  parks and recreational areas The inequalities of park distribution can also deter individuals from accessing parks. The National Recreation and Park Association (NRPA) suggests providing 10 acres of recreational land per 1,000 residents.54 In relation to this standard it can be seen (Figure 23) that the City of Champaign lacks considerably in its provision of recreational areas. Furthermore, Table 21 shows that three of the 
five Census Tracts (7, 9.01, 110) have deficient recreational spaces suggesting that even though the overweight/obese population group within these Census Tracts have accessibility to parks and green spaces, disparities in park distribution might affect the ability of these populations to use the facilities and, thus limit their opportunities to meet daily recommended levels of physical activity.
0   0.4   0.8            1.6            2.4            3.2 Miles individuals with good accessibility to parks
Major roads and interstatesCUMTD’s bus routeParks
0.25 mile buffer
individuals with poor accessibility to parks
Identified Census TractsTracts within the City of Champaign
I-74
I-72
US
 H
wy
 4
5
City of Champaign
I-5
7
I-5
7
Springfield Ave.
Figure 23: Disparities in park distribution in the City of Champaign 
Source:         U.S. Census Bureau GIS Tiger files, CUPHD’s Health Database , Champaign County GIS Consortium    54       (CAPRA Standards, National Recreation and Park Association. )
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Bike paths, trails, and sidewalksMore and better-quality sidewalks are associated with adults having higher rates of walking and of meeting physical activity recommendations, and thus a lower likelihood of being overweight/ obese. Similarly, the presence of bicycle lanes and paths is positively related to cycling, and to more adults meeting physical activity recommendations. Figure 24 shows lack of designated or shared 
bike paths, presence of walking trails and sidewalks in the identified Census Tracts, suggesting that, the absence of these infrastructure amenities could be responsible for a more auto-oriented, hence sedentary life-style, further worsening overweight/obesity prevalence in these areas. 
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Figure 24: Distribution of bike paths, trails 
                      and sidewalks in the City of  
                      Champaign 
Source:           U.S. Census Bureau GIS Tiger files, 
                         CUPHD’s Health Database , 
                         Champaign County GIS Consortium                                  
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Grocery store accessThe proximity of individuals to nearby healthy food options and other heath related goods 
and services influences health. One example is food deserts. Food deserts are defined as urban neighborhoods and rural towns without ready access to fresh, healthy, and affordable food. These communities have moderate to no access to supermarkets and grocery stores that offer healthy, affordable food options.47 To quantify accessibility of grocery stores to mapped overweight and obese clients, the grocery stores (supermarkets, gas stations and convenience stores) were geocoded 
using ArcGIS for the identified Census Tracts. A buffer of 0.25 miles which is the equivalent of a five-minute walk (the average distance that a pedestrian is willing to walk before opting to drive)48 was created to highlight areas and individuals with high accessibility to grocery stores (Figure 25). A second buffer of 0.5 miles was created to identify areas and individuals with moderate accessibility (Figure 25). All other areas and individuals outside the 0.5 mile buffer zone were considered to have no accessibility (Figure 25). Based on this information, it was determined that 74.4% of the existing overweight and obese CUPHD clients for the 
identified Census Tracts had moderate to no accessibility to grocery stores (Table 23), which might be a demotivator for individuals to access healthy food options. Additionally, limited or poor accessibility can also be responsible for discouraging individuals to walk or engage in physical activity, thereby exacerbating overweight and obesity.
47        (Food Deserts, United States Department of Agriculture)48        (Olson J, 2010)
Table 23: Accessibility of CUPHD overweight and obese clients to Grocery stores 
                    for the identified Census Tracts
Accessibility Census Tract 2 Census Tract 7 Census Tract 9.01 Census Tract 12.01 Census Tract 110 Obese + Overweight population % with accessibility(Absolute numbers)Good 87 41 62 79 39 25.60% 25.60%Moderate 41 248 171 45 207 59.19% 74.40%Poor/Inaccessible 0 18 84 77 4 15.21%
Source:  Champaign Urbana Public Health District’s Health Database, 2014,  
                United States Census Bureau GIS Tiger files
0.50 mile radius0.25 mile radius
All areas outside 0.50 miles
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Figure 25: Grocery Store accessibility  and overweight and obesity prevalence.
Source:         Champaign Urbana Public Health District’s Health Database, 
                       2014, U.S. Census Bureau GIS Tiger files                                                       
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Crime rate (Neighborhood safety and social cohesion)Higher levels of crime reduce walking or physical activity, especially among women and young children. Conversely, those who live in areas with more trust or “social cohesion” tend to have higher levels of physical activity, hence reduced levels of obesity.49 Crime Data for the City of Champaign was derived from CrimeReports.com - an online crime mapping solution system - for 6 months from 08/24/2014 - 02/19/2015 (Figure 26). This information was used to geocode addresses of the crime scene using ArcGIS to see if there was any overlap between areas of high criminal activity and high overweight and obesity. At the county scale (Figure 27), it was seen that most of the criminal activities 
remain spatially confined to urbanized areas. Within the City of Champaign and Urbana, Figure 28 
shows that the identified Census Tracts in the City of Champaign display high crime rates. Out of a 
total of 1,265 criminal activities recorded for the time frame, 441 occurred within the identified area, suggesting a 34.86% crime occurrence rate. This suggests that unsafe neighborhood conditions could be a factor in demotivating individuals to walk or indulge in physical activity, thereby exacerbating overweight and obesity. 
49        (Cradock, A, Kawachi I, Gortmaker S, Colditz G, Buka S, 2009)
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Figure 26: Criminal Activity Type in the identified 
                      Census Tracts (08/23/2014 - 2/15/2015)
Source:          www.crimereports.com/, 
                        United States Census Bureau and ArcGIS
Criminal incidents recorded
Figure 27: Criminal activity in Champaign County
                      (08/23/2014 - 2/15/2015)
Source:          www.crimereports.com/, 
                        United States Census Bureau and ArcGIS
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Figure 28: Crime rate in high overweight and obese Census tracts
Source:          www.crimereports.com/, United States Census Bureau and ArcGIS
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CONCLUSIONObesity is a local, state, national and international concern. Obesity rates are rising steadily resulting in increased risk of many health conditions such as diabetes, hypertension, stroke etc., which translates into more sick people, higher medical costs and reduced life expectancy for obese individuals. Furthermore these rates are disproportionately based on socioeconomic and built- environment factors. Obesity and overweight data from the Champaign Urbana Public Health District’s (CUPHD) Health Database helped to identify Census Tracts and populations with the highest overweight and obesity prevalence in Champaign County with the greatest need for obesity mitigation measures. Further analysis with respect to socioeconomic and built-environment factors suggested that obesity trends within these Census Tracts differed from national, state and county trends. Within the realm of the social environment, certain races, income inequality, high unemployment and poverty rates have been 
related to significantly higher rates of overweight and obesity. Furthermore, built-environment factors such as street connectivity, access to public transportation, accessibility and availability of parks and recreational areas, presence of bike paths, sidewalks and trails, accessibility to grocery stores and safety of a neighborhood create conditions conducive to physical activity, hence to mitigate obesity. In other 
words, improvements in neighborhood conditions can significantly reduce obesity risks, which in turn, can lead to reductions in health inequities across communities and population subgroups. Hence, in line with a larger overarching umbrella to curb obesity in Champaign County, local health agencies must devise strategies and policies and allocate resources that are more locally grained and in sync with the community’s health needs and necessities. The Champaign Urbana Public Health District (CUPHD) has obesity as a top community health priority in the 2014 Community Health Plan. This study establishes the need for prevention and education at the local community level. For this study it was observed that unlike the built-environment, 
the social environment is difficult to be modified. Therefore, efforts need to be made to identify priority populations, sub-groups and geographical regions that need customized obesity mitigation 
measures. Our findings facilitate this endeavor. Furthermore, devising policies aimed at reducing health inequalities and promoting obesity prevention efforts such as community-based physical activity and healthy diet initiatives can also lead to reduced prevalence of overweight and obesity. Policy measures along with implementation of obesity prevention and control measures appropriate to geographical areas can help local health agencies such as the CUPHD create conditions to mitigate obesity.
LIMITATIONS
Health information derived from CUPHD’s health data base is limited to low income clients, which may not be a representative sampling of the entire community. However, for this study,  it is assumed that analyzing health data of low income individuals is more pressing than middle and high income groups due to their limited accessibility to obesity mitigation measures such as access to fresh food stores, recreational spaces, better transportation modes, better neighborhood design, etc. 
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